The Polycomb and trithorax groups of genes control the maintenance of homeotic gene expression in a variety of organisms. A putative participant in the regulation of this process is the murine RYBP (Ring and YY1 Binding Protein) gene. Sequence comparison between different species has identified the homologous gene in Drosophila, the dRYBP gene. We have investigated whether dRYBP participates in the mechanisms of silencing of homeotic genes expression. We first studied its expression by RNA in situ hybridisation and detected dRYBP expression ubiquitously and throughout development. Moreover, we generated a polyclonal anti-dRYBP antibody that recognises the dRYBP protein. dRYBP protein is nuclear and expressed maternally and ubiquitously throughout development. To study the transcriptional activity of dRYBP, we generated a fusion protein containing the entire dRYBP protein and the GAL4 DNA binding domain. This fusion protein functions, in vivo, as a transcriptional repressor throughout development. Importantly, this repression is dependent on the function of the Polycomb group genes. Furthermore, using the GAL4/UAS system, we have over expressed dRYBP in the haltere and the wing imaginal discs. In the haltere discs, high levels of dRYBP repress the expression of the homeotic Ultrabithorax gene. This repression is Polycomb dependent. In the wing discs, dRYBP over expression produces a variety of phenotypes suggesting the overall miss regulation of the many putative genes affected by high levels of dRYBP. Taking together, our results indicate that dRYBP is able to interact with PcG proteins to repress transcription suggesting that the dRYBP gene might belong to the Polycomb group of genes in Drosophila. q
Introduction
Homeotic genes are required throughout Drosophila development (Duncan, 1987; Morata, 1993) . They are expressed in spatially restricted domains along the body axis (Akam, 1987; McGinnis and Krumlauf, 1992) . Maintenance of their expression pattern requires continuous transcriptional activation in expressing cells and continuous transcriptional repression in non-expressing cells. The maintenance of the activated transcriptional state requires the trithorax group of proteins (trxG) whereas the maintenance of the silenced state requires the Polycomb group of proteins (PcG) (Jürgens, 1985; Kennison, 1995; Simon and Tamkun, 2002) . Both trxG and PcG are conserved from worms to mammals, indicating the conservation of the mechanisms of action and highlighting their importance in animal development (Holdeman et al., 1998) . All trxG and PcG proteins so far described are ubiquitously expressed and nearly all lack specific DNA binding activity (for a recent review see Ringrose and Paro, 2004) . It is not known how these two groups of proteins interact and function to maintain the restricted domains of homeotic gene expression. However, it is known that PcG and trxG function as multimeric, chromatin-associated protein complexes, which interact with specific DNA sequences (Ringrose et al., 2003) at the homeotic genes promoters, the so-called PREs (Polycomb Response Elements) (Chan et al., 1994) and TREs (Trihorax Reponse Elements) (Tillib et al., 1999) , respectively. PcG and trxG protein complexes are Mechanisms of Development 122 (2005) thought to be targeted to specific DNA sequences through their interaction with PHO (Pleihomeotic), GAGA factor, Pipsqueak and Zeste proteins, the only PcG and trxG proteins so far described that are able to bind DNA in a sequence specific manner (Brown et al., 1998; Horard et al., 2000; Huang et al., 2002; Mulholland et al., 2003) . No single DNA-binding protein appears sufficient to recruit PcG complexes in vivo (Horard et al., 2000; Busturia et al., 2001; Hur et al., 2002; Mahmoudi et al., 2003; Mohd-Sarip et al., 2002) . It has been proposed that the recruitment of PcG and trxG complexes to DNA might be mediated by a collection of sites for multiple and cooperating DNAbinding proteins (Poux et al., 2001a) . Two different PcG complexes have been identified in fly embryos: Polycomb Repressive Complex 1 (PRC1) and Polycomb Repressive Complex 2 (PRC2) (reviewed in Otte and Kwaks, 2003; ). Both complexes contain protein components that are evolutionarily conserved from flies to humans (Alkema et al., 1997; Ng et al., 1997; Satijn and Otte, 1999) . The PRC1 core components include the PcG proteins Polycomb (PC), polyhomeotic (PH), Posterior sex comb (PSC) and Sex comb extra (SCE/dRING1) . The core components of PRC2 include the PcG proteins, ESC (Extra sex comb), E(Z) (Enhancer of zeste) and Su(z)12 (Supressor of zeste) (Tie, 2001; Ng et al., 2000; Tie et al., 2003) .
Differences in composition as well as in temporal expression suggest that PRC1 and PRC2 serve different functions (Cao et al., 2002; Czermin et al., 2002; Kuzmichev et al., 2002; Muller et al., 2002) . A number of additional PcG and non-PcG proteins interact with both complexes and it is not clear whether these proteins should be considered part of the PRC1 and PRC2 core complexes (Otte and Kwaks, 2003) . For example, the only PcG protein know to bind DNA in a sequence specific manner, PHO (Brown et al., 1998) , appears to interact transiently with both complexes in a developmentally regulated fashion (Poux et al., 2001a,b) . Non-PcG proteins interacting with PRC1 and PRC2 include TBP-associated factors (Trimarchi et al., 2001 ) and also the histone deacetylases which have been shown to be essential factors for PcG silencing activity (Tie et al., 2003) .
Many genetic and molecular screenings have been performed to identify genes involved in the maintenance of homeotic gene expression (among others, Jürgens, 1985; Kennison and Tamkun, 1988; Brown et al., 1998; Gildea et al., 2000) . A yeast two-hybrid screen designed to isolate binding partners to the murine Ring1 protein, identified the Ring and YY1 Binding Protein (RYBP), a putative murine Polycomb group protein (Garcia et al., 1999) . Whole mount in situ hybridisation to mouse embryos shows that RYBP is expressed ubiquitously in nearly all embryonic tissues. The RYBP protein has been shown (Garcia et al., 1999) to interact with the mouse Polycomb Group proteins-RING1A, YY1 and M33 (the homologous of the Drosophila SCE, PHO and PC proteins, respectively). As a result, RYBP has been proposed to be a murine PcG gene. Consistent with this proposition, a GAL4DNA-binding domain-murine RYBP fusion protein (GAL4DB-RYBP) acts as a transcriptional repressor in reporter gene cotransfection assays in mouse cells (Garcia et al., 1999) .
Comparison of the murine RYBP gene sequence to the sequence of the Drosophila genome (Adams et al., 2000) identified a homologous Drosophila gene, which we call dRYBP. We have studied the dRYBP pattern of expression, the in vivo transcriptional activity of a GAL4DB-dRYBP fusion protein in the presence and in the absence of PcG protein function and the phenotypical consequences of over expressing dRYBP in different tissues. Our results strongly suggest that dRYBP functions together with the PcG proteins in Drosophila and therefore might belong to the Polycomb group of genes.
Results

The Drosophila RYBP (dRYBP) gene
The Drosophila genome contains a single gene homologous to mouse RYBP (CG12190 Drosophila Flybase, http: //flybase.bio.indiana.edu). The dRYBP gene is located in region 58F7 of chromosome 2R (Adams et al., 2000) . The genomic structure of the dRYBP gene, as well as a comparison of the protein sequences and domain structures of the RYBP family proteins are shown in Fig. 1 . The dRYBP protein is predicted to contain 150 amino acids. The N-terminal domain contains a C 2 -C 2 Zn finger motif of the nucleoporin type, a motif associated with proteinprotein interactions (Meyer et al., 2000) . The C-terminal has no homology with any described motifs. The RYBP proteins exhibit a high degree of sequence conservation both in the N-terminus and in C-terminus domains. The N-termini show 72% identical and 80% similar residues; the C-termini are 70% identical and 80% similar. Related genes include the human RYBP/YEAF1 (Sawa et al., 2002) and the YAF2 murine and human genes (Kalenik et al., 1997) . Finally, the mosquito Anopheles gambie (Fig. 1 ) and the worm Ciona ascaralis also contain genes similar in sequence to dRYBP.
dRYBP pattern of expression
The RNA expression pattern of dRYBP in embryos and imaginal discs was determined by whole mount RNA in situ hybridisation. Sense and antisense RNA probes were generated covering the entire dRYBP cDNA sequence (LD18758, Drosophila Flybase, http://flybase.bio.indiana. edu). dRYBP shows strong and ubiquitous expression in very early embryos, suggesting that the gene is maternally expressed (Fig. 2A) . This strong expression is not due to background because hybridisation with the sense RNA probe shows no signal (data not shown). As embryonic development proceeds, expression remains ubiquitous but decreases in intensity (Fig. 2B) . Eye-antenna, wing, haltere, leg and genital third instar imaginal discs all show ubiquitous expression ( Fig. 2C-E) .
We additionally raised an anti-dRYBP polyclonal rabbit antibody that recognises a 16 KD band in third instar larvae whole extracts westerns (data not shown) corresponding to the predicted molecular weight of the dRYBP protein. This antibody was used to study the dRYBP expression pattern. dRYBP is nuclear and is expressed in the adult ovaries ( Fig. 2F ) and ubiquitously in the majority of the tissues throughout embryonic (Fig. 2G-I ) and imaginal development ( Fig. 2J-N) .
Transcriptional activity of dRYBP
To investigate the transcriptional function of dRYBP, we generated a fusion gene (hs-GALDB-dRYBP, Fig. 3 ) containing the full-length dRYBP sequence fused to the GAL4 DNA binding domain (GALDB) (Keegan et al., 1986) and placed under the control of the hsp70 promoter. We analysed the transcriptional effect of this fusion protein using two different reporter genes.
The first reporter gene-BGUZ (Muller, 1995) -contains the GAL4 binding sites (GALBS) and the lacZ gene under the control of the Ultrabithorax proximal promoter (Ubxpp) and the BXD embryonic enhancer ( Fig. 3 ; Muller, 1995) . This reporter is ubiquitously expressed in the embryos (Fig. 3A) , but is repressed in a PcG-dependent manner, by the GALDB-PC (Muller, 1995) and GALDB-YY1 (Atchison et al., 2003) , two fusion proteins expressing Polycomb and YY1, respectively. The second reporter gene-BHL4G4PRE (Poux et al., 2002) -contains the GALBS, LexA binding site sequences (LexABS) as well as the lacZ gene under the control of the Ubxpp, the embryonic (BX) and imaginal disc (2212H1) enhancers and a Polycomb Response Element (PRE) ( Fig. 3 ; Poux et al., 2002) . These regulatory elements drive lacZ expression in ps6 through ps12 in the embryo (Fig. 3C ) and imaginal discs (Fig. 4A,B) . Additionally, BHL4G4PRE is activated by GALDB-TRX, a trithorax expressing fusion protein ( Fig. 3E ; Poux et al., 2002) .
Transgenic embryos P[BGUZ]/C; P[hs-GALDBdRYBP]/C were heat-shocked to induce expression of the fusion protein. The results show that GALDB-dRYBP represses the BGUZ lacZ expression in the majority of cells along the anterior-posterior axis (Fig. 3B) .
Next, we studied the transcriptional effect of GALDBdRYBP on the expression of the BHL4G4PRE (Figs. 3 and 4; Poux et al., 2002) reporter gene. This was accomplished by crossing P[hs-GAL4DB-dRYBP] flies with P[BHL4G4PRE] flies. The embryonic heat-shocked progeny show a strong repression of lacZ expression (Fig. 3D) , which is stable until the late stages of embryonic development. In the control experiment for the heat-shock conditions (Fig. 3D) , embryos P[GALDB-TRX]/C; P[BHL4G4PRE]/C show strong activation of the expression anterior to ps6 as previously reported (Poux et al., 2002) . Heat-shocked P[hs-GAL4DB-dRYBP]/C; P[BHL4G4PRE]/C haltere and third leg imaginal discs also show a repressed pattern of lacZ expression in their posterior compartments, which correspond to the ps6 (Fig. 4C,D) . Moreover, expression of the white gene, included in the construct as a marker for transformation, was also repressed as seen in the eyes of the heat shocked adult flies progeny (Fig. 4E) .
As an additional assay of transcriptional activity, flies containing the P[hs-GALDB-dRYBP] minigene were crossed with P[GALBS-lacZ] (commonly known as UASlacZ) transgenic flies. Embryos and imaginal discs of the resulting larvae show no lacZ expression indicating that GALDB-dRYBP is unable to activate transcription. In contrast, the transcriptional activator fusion protein GALDB-TRX (Poux et al., 2002 ) is able to activate lacZ transcription of the P[GALBS-lacZ] construct in embryos and the imaginal discs (data not shown).
All of the reporter gene assays show that GALDBdRYBP is unable to activate transcription, and are consistent with the conclusion that dRYBP acts as a transcriptional repressor during embryogenesis and imaginal disc development.
Transcriptional activity of dRYBP in PcG mutant backgrounds
We next asked if GALDB-dRYBP mediated transcriptional repression was dependent on the PcG proteins. We chose three PcG genes for this analysis: Pc, Sce and pho.
Crosses were made between P[hs-GALDB-dRYBP]/P[hs-GALDB-dRYBP]; P[BHL4G4PRE]/P[BHL4G4PRE] flies and Pc 3 /TM6B, Sce 1 /TM6B and pho 1 /ci D flies. The progeny of these crosses were heat-shocked and the expression of lacZ studied in the imaginal discs. The effect of the PcG gene mutations on GALDB-dRYBP mediated transcriptional repression is shown in Fig. 4 . Control haltere and third leg imaginal discs from the TM6B larva (P[hs dRYBP-GALDB]/C; P[BHL4G4PRE]/TM6B) show repression of lacZ expression (Fig. 4C,D) . In the haltere and third leg discs of P[hs dRYBP-GALDB]/C; P[BHL4G4PRE]/Pc (Fig. 4H,I ), and P[hs dRYBP-GALDB]/C; P[BHL4G4PRE]/C; pho 1 /C (Fig. 4J,K ) larvae, the lacZ expression is not repressed. A small amount of repression in the posterior compartment is observed and occasional patches of lacZ expression are seen in the anterior compartment of the haltere and leg discs (Fig. 4F,G) . Our interpretation of this result is that the single wild-type copy of the PcG/C larvae produces a small but sufficient amount of PcG protein to generate some repression in the posterior compartment while, the patches in the anterior compartment are likely due to the effect of the PcG mutation on the P[BHL4G4PRE] expression. These results show that GALDB-dRYBP requires to interact at least with the PC, SCE, PHO proteins to repress transcription.
Analysis of the phenotypes due to over expression of dRYBP
To study dRYBP function in the regulation of homeotic gene expression, we have made use of the GAL4/UAS system (Brand et al., 1994) to over express dRYBP in specific domains of the body.
In the haltere imaginal disc
The Ultrabithorax GAL4 (UbxGAL4) line was used because it drives expression in the haltere imaginal discs ( Fig. 5E ; Calleja et al., 1996) . This line is an insertion in the Ubx gene that generates the haploinsuficient phenotype typical of Ubx mutations (Fig. 5B) . UbxGAL4/UASdRYBP adult halteres show a novel phenotype: although the size of the haltere seems to be normal (Fig. 5C ), the haltere is covered with hairs similar to wing trichomes. This phenotype is suppressed in Pc 3 /C mutant background (Fig. 5D ).
This phenotype is suggestive of partial repression of the wild type homeotic Ultrabithorax protein (UBX) expression. UBX protein is normally expressed in the haltere and, with the exception of the peripodial membrane cells, not in the wing disc (White and Wilcox, 1984) . In UbxGAL4/UASdRYBP haltere imaginal discs, we see that UBX expression is repressed (Fig. 5F ) in those cells where dRYBP is expressed (Fig. 5G, merged in Fig. 5H ). This repression of UBX accounts for the partial transformation towards wing shown by the halteres of the UbxGAL4/ UASdRYBP flies (Fig. 5C) . Moreover, the scalloped-GAL4/C;UASdRYBP/C halteres show a similar phenotype as described above and the scallopedGAL4/C;UASdRYBP/C haltere imaginal discs also show repression of UBX expression in the scallopedGAL4 driven expression domain (date not shown). These results indicate that over expression of dRYBP has a repressor effect on Ubx expression.
In the wing imaginal disc
We next studied the phenotypes produced by dRYBP over expression in the wing imaginal discs, where none of the homeotic Antennapedia and bithorax complex proteins are significantly expressed (Duncan, 1987; McGinnis and Krumlauf, 1992) . The lines used-scallopedGAL4 (sdGAL4), nubbinGAL4 (nubGAL4), and 638GAL4-all direct expression in the wing imaginal disc (Flybase, 1999) and produce similar phenotypes when they drive dRYBP expression. In general, although with variable expresitivity, when dRYBP is over expressed in the wing disc, the resulting adult wings show a range of phenotypes including reduction in the wing size, disruption in the formation of the triple row, malformation of the vein pattern, and trichomes typical of the haltere (Fig. 6B) . The appearance of halterelike trichomes in the wing indicates that over expression of dRYBP produces, among other things, transformation towards haltere. The strongest transformation can be observed in the cases of sdGAL4/UASdRYBP (Fig. 6B ) and 638GAL4/UASdRYBP (not shown) wings, indicated by the amount if haltere-like trichomes found in the wing and the reduction of the wing size (Fig. 6B) .
The engrailed GAL4 (enGAL4) line drives expression throughout development in all the posterior compartments. enGAL4/UASdRYBP wings show, among others, transformations towards haltere indicated by the kind of trichomes found in the wing blade (Fig. 6J ). There are also some transformations indicative of repression of the engrailed gene itself (Lawrence and Morata, 1976) . In the wing, the vein IV disappears and sometimes first row bristles appear in the posterior compartment of the wing (Fig. 6J ). In the notum (Fig. 6L) , there is a transformation of the posterior mesonotum (T2p) towards anterior mesonotum (T2a), which has been previously observed due to inactivation of engrailed (Manuel Calleja, personal communication) . Moreover, it is also observed that wing tissue grows out of the humerus (Fig. 6M) . The same phenotype has been observed in some trithorax mutant alleles (Ingham, 1981) , but it is not observed when trithorax mutant clones are induced throughout larval development (Ingham, 1985) , indicating that such transformation is due to lack of trithorax at very early stages of development. This transformation is most probably related with the inactivation of some of the trithorax-regulated genes, like engrailed (Breen et al., 1995) .
Over expression of dRYBP miss regulates the Ultrabithorax expression
The phenotypes described above, mainly the haltere-like trichomes found in the wing blade (Fig. 6J) were suggestive of miss regulation of the wild type UBX expression in the wing imaginal disc. We therefore have looked at the Ubx protein expression in the wing discs (White and Wilcox, 1985) of the appropriate GAL4/UASdRYBP combinations. We have found that UBX is expressed in the wing discs of 638GAL4/UASdRYBP, enGAL4/UASdRYBP, nubGAL4/ UASdRYBP and sdGAL4/UASdRYBP larvae (Fig. 6G) , accounting for the haltere-like transformations observed in the adult wing of the corresponding flies.
Some of the phenotypes observed in enGAL4/UASdRYBP adult flies suggested, that the endogenous engrailed protein was also being inactivated. We looked at the EN expression in the wing imaginal discs, and we did not detect changes in EN levels of expression. The phenotypes observed due to dRYBP over expression could be affecting an engrailed-related gene. However, we do not exclude the possibility that we could have missed a decrease in the EN levels of expression because the adult phenotypes suggesting inactivation of engrailed expression show low penetrance rates and are mostly produced when flies are raised at 29 8C.
We next asked whether the miss regulation of the UBX expression in the wing imaginal discs, could be modulated by mutations in the trithorax and Polycomb-group of genes. To investigate it, we looked at the resulting phenotypes of over expressed dRYBP in PcG and trxG mutant backgrounds. sdGAL4/C; Pc 3 /UASdRYBP wings ( Fig. 6C ) and sdGAL4/C;C/UASdRYBP; pho 1 /C wings ( Fig. 6D ) are strikingly smaller (showing haltere-like features) than in a wild type background (Fig. 6A) . Moreover, the sdGAL4/ UAS dRYBP wing phenotype is rescued in trithorax (trx E2 ) mutant background (sdGAL4/C; trx E2 /UASdRYBP, Fig. 6E ). We looked if this modulation was co-related with the levels of UBX expression. As mentioned above, the Ubx protein is not expressed in the cells of the wild type imaginal disc (White and Wilcox, 1985) . In Pc 3 /C wing discs ( Fig. 6F ; Cabrera et al., 1985) and in pho 1 /C (not shown; Brown et al., 1998 ) the expression of UBX is consistently confined to small number of cells in the wing pouch (Fig. 6F) . Moreover, as shown above, the sdGAL4/ UASdRYBP wing imaginal discs show expression of UBX in a small number of cells (Fig. 6G) . However, the sdGAL4/ UASdRYBP; Pc 3 /C or sdGAL4/UASdRYB; pho 1 /C (Fig. 6H,I ) wing discs show UBX expression in many more cells, once again accounting for the stronger transformation towards haltere observed in the corresponding adult flies (Fig. 6C,D) .
Discussion
The dRYBP gene
To understand the molecular mechanisms of maintenance of homeotic gene expression, it is important to identify the components of the multimeric protein complexes. A new putative murine PcG component is the RYBP gene (Garcia et al., 1999) , whose homologous counterpart in Drosophila is the dRYBP gene studied in this work (Fig. 1A-C) . The mouse homologous gene, RYBP, was identified in a twohybrid screen for murine Ring1 interacting proteins (Garcia et al., 1999) . RYBP family members include the human YEAF1 homologous gene and the murine and human YAF2 gene coding for structurally related proteins. Although very similar in sequences, they seem to have different functions as transcriptional regulators of the hGABP gene, i.e. YAF2 positively regulates the transcriptional activity of hGABP but YEAF1 negatively regulates this activity (Sawa et al., 2002) .
We have shown that dRYBP is expressed maternally and throughout development in all the nuclei of the embryo and the imaginal discs cells (Fig. 2) . The murine RYBP gene is also expressed ubiquotiously in the mouse embryo (Garcia et al., 1999) . The ubiquitous and nuclear pattern of dRYBP expression coincides with the pattern of expression of the Polycomb group proteins so far described (Simon, 2003) .
Transcriptional activity of dRYBP
We have shown that when dRYBP is tethered to DNA sequences, is able to repress, the transcriptional state of minigene reporter constructs (Figs. 3 and 4) . Moreover, GALDB-dRYBP transcriptional repression function requires the products of at least the Pc, Sce and pho genes (Fig. 4) , suggesting that GALDB-dRYBP represses transcription by interacting with PcG protein complexes. The PHO protein (homologous to mouse YY1) is able to bind DNA in a sequence specific manner and it has been proposed to recruit the PcG complexes to DNA (Brown et al., 1998) . However, our results show that the transcriptional repression function of GALDB-dRYBP cannot be achieved in the absence of PHO protein (Fig. 4J,K) . Although silencing in these experimental conditions could formally result solely from the interaction of dRYBP with PHO, the need of PHO to execute the transcriptional repression may also suggest that in the process of maintenance of homeotic gene expression, the PHO protein serve other functions than the recruitment of PcG complexes to DNA.
Additional evidence for the transcriptional repressor function of dRYBP comes form the experiments of over expression of dRYBP using the GAL4/UAS system. UbxGAL4/UASdRYBP halteres show partial transformation towards wing (Fig. 5C ) which is correlated with the repression of UBX expression in the haltere imaginal discs due to high levels of dRYBP (Fig. 5H) . We do not fully understand the partial transformation of the haltere towards wing. We speculate that the over expression of dRYBP may also affect genes involved in proliferation that act downstream the Ubx gene. The repressive effect is Polycomb dependent, suggesting that dRYBP transcriptional repression function needs the interaction with Polycomb proteins. Moreover, although we have not been able to detect changes in the levels of engrailed expression, some of the phenotypes observed in enGAL4/UASdRYBP flies ( Fig. 6J-M) are indicative of engrailed repression, revealing again the repressor effect of dRYBP over expression.
A model has been proposed in which RYBP protein, through its interaction with DNA-binding proteins like YY1, function as a 'bridge' to ensure interactions of DNA and non-DNA binding proteins in multimeric protein complexes (Schlisio et al., 2002; Trimarchi et al., 2001 ). It is not yet known if dRYBP serves a similar bridging function in Drosophila. The YY1 protein (homologous to Drosophila PHO) is able to bind DNA in a sequence specific manner (Brown et al., 1998) and directly interacts with dRYBP (M. Vidal, unpublished results). We speculate that dRYBP, serves a similar bridging function, bridging between DNA binding proteins like PHO and the multimeric PcG complexes. Further work and mutations in the dRYBP gene will be necessary to define whether dRYBP serves this putative bridge function.
3.3. Overall effects due to over expression of dRYBP dRYBP over expression in the wing produces homeotic and non-homeotic phenotypes indicative of miss regulation of a variety of genes. High levels of dRYBP in the wing (i.e. sdGAL4/UASdRYBP flies) produces, among others, transformation towards haltere with the corresponding expression of the Ubx protein in the wing cells, i.e. outside its normal domain of expression. This effect could seem opposite to the repressor effect observed when dRYBP is tethered to DNA (GALDBdRYBP; Figs. 3 and 4) or when dRYBP is over expressed under the control of the UbxGAL4 line (Fig. 5) . However, interference with the assembling/ recruting of the PcG and trxG complexes either because of sequestration of PcG/trxG proteins, perturbation of the PcG/trxG balance or disruption of the cross regulatory interactions between PcG proteins (Ali and Bender, 2004) could perhaps explain the observed expression of UBX protein in the wing disc due to over expression of dRYBP. Alternativelly, over abundance of dRYBP or dRYBP containing complexes might lead to a unique target gene repretoire that lead to the effects observed. Finally, the cross regulatory interactions between the genes patterning the wing, that are perhaps being miss regulated by the high levels of dRYBP could also explain the range of phenotypes observed in the wing due to over expression of dRYBP.
In conclusion, our results show that dRYBP protein is nuclear, maternal and ubiquotiously expressed throughout development. Our results also show that dRYBP functions, in a Polycomb dependent manner, as a transcriptional repressor, suggesting that dRYBP is able to interact with the PcG proteins to repress transcription and therefore might belong to the Polycomb group of genes of Drosophila. Finally, the study of the multiple phenotypes produced by high levels of dRYBP in the wing might be indicative of the involvement of dRYBP on the regulation of many genes as also described for the PcG genes in Drosophila.
Experimental procedures
Fly strains and general procedures
The P[BHL4G4PRE], P[GALDB-TRX], P[BGUZ] and P[GALBS-lacZ] (or commonly known as P[UAS-lacZ] transgenic flies containing the constructs have been previously described (Muller, 1995; Poux et al., 2002) . Details of the construction of the hsp70-GALDB-dRYBP and UAS-dRYBP constructs are available upon request. P[hsGALDB-dRYBP] and P[UAS-dRYBP] transgenic flies were obtained by standard procedures using Df(1)w 67c23 yw-as the host flies. The PcG and trxG mutant alleles Pc 3 , Sce 1 , pho 1 , trx E2 are described (Lindsley and Zimm, 1992) . The GAL4 lines used UbxGAL4, enGAL4, sdGAL4, nubGAL4, 638GAL4 are all described in (Flybase, 1999) . Staining of embryos and imaginal discs with either X-gal or antibodies (Ultrabithorax, 1:20, engrailed, 1:200, dRYBP, 1:100) was performed using standard protocols. The MultAlin program (Corpet, 1988) was used for the alignment of the sequences.
Whole mount RNA in situ hybridisation
Sense and antisense RNA probes were obtained from the dRYBP cDNA (LD18758, Drosophila Flybase, http: //flybase.bio.indiana.edu) and the labelling, hybridisation and staining procedures were performed following standard protocols (Sullivan et al., 2002) .
Anti-dRYBP antibody production and western blots
The complete dRYBP cDNA sequence was cloned in the pQE vectors (Quiagen) and the recombinant protein expressed and purified following the QIA express protocols. The protein was injected into rabbits and the serum obtained was used as a polyclonal antibody. The specificity of the antibodies was demostrated by the deteccion of dRYBP expression in enGAL4/UAS-dRYBP embryos. Total extracts from third instar larva were prepared by homogenisation in PBS containing proteases inhibitors. The western blot analysis was performed using standard protocols and horseradish peroxidase-conjugated goat anti-rabbit IgG antibodies (BioRad) or a chemiluminesce kit (SuperSignal, Pierce) for detection. A band of the expected molecular mass (16 KD) corresponding to dRYBP was detected.
Over expression experiments
Over expression of GALDB-dRYBP: Transgenic flies P[hs-GALDB-dRYBP]/P[hs-GALDB-dRYBP] were crossed to either transgenic flies P[BGUZ]/P[BGUZ], P[BHL4G4PRE]/P[BHL4G4PRE] or P[GALBS-lacZ] /P [GALBS-lacZ] . Embryos were collected every 60 min and allowed to develop for 60 min. Embryos were heatshocked at 37 8C for 60 min, allowed to develop until approximately stage14 (for BHL4G4PRE) or stage18 (for BGUZ) of embryonic development (Campos-Ortega and Hartenstein, 1985) and then fixed prior to proceeding with the staining. The control P[GAL4DB-TRX]/C; P[BHL4G4PRE]/C embryos were treated as described above and in Poux et al. (2002) . Transcriptional activity of dRYBP during imaginal discs development was analysed using flies P[hs-GAL4DB-dRYBP]/P[hs-GAL4DB-dRYBP] crossed to P[BHL4G4PRE]/P[BHL4G4PRE] or P[GALBSlacZ]/P[GALBS-lacZ] flies. The progeny were given a series of daily heat shocks by exposing the larval progeny to 37 8C for 60 min each day. Third instar imaginal disc were dissected and X-gal stained according to standard protocols. To study transcriptional repression in a PcG mutant background, P[hs GAL4DB-dRYBP]/P[hs GAL4DB-dRYBP]; P[BHL4G4PRE]/P[BHL4G4PRE]/flies were crossed either with Pc 3 /TM6B, Sce 1 /TM6B, or pho 1 /ci D flies. The larval progeny of these crosses were treated as described above.
Over expression of dRYBP: We used the GAL4/UAS method (Brand et al., 1994) to over express dRYBP. Crosses were established and kept at 25 8C or at 29 8C to allow maximun levels of expression of the GAL4 line.
